Acute transfusion reactions (ATRs) are significantly relevant to the morbidity and mortality of patients. ATRs are mostly not severe and rarely cause severe conditions, including anaphylactic shock. The aim of this study was to clarify the frequency of ATRs and the time of event occurrence. A total of 18,745 transfusions were administered to 11,718 patients during a 3-year period. Adverse reactions including at least one sign or symptom were collected through a report system in 143 of 2,478 (5.7%) platelet concentrate transfusions, 105 of 6,629 (1.6%) red blood cell component transfusions and 51 of 2,307 (2.2%) fresh frozen plasma transfusions. Allergic signs and symptoms accounted for 70% of all adverse events. Severe signs and symptoms were observed in 7.1% of patients. These events appeared significantly earlier than those of non-severe signs and symptoms (median time 20 min vs 100 min, P < 0.05). For patients who have had repetitive transfusion-associated adverse events, preventive treatments for adverse events should be proactively promoted.
Transfusion-associated adverse events are mainly immunological acute transfusion reactions (ATRs). It is known that the distribution of signs and symptoms differ according to the types of blood components, numbers of transfusions, and patient's condition. [1] [2] [3] ATRs are mostly not severe but rarely cause severe diseases including transfusion-related acute lung injury (TRALI) and anaphylactic shock. Thus, it is important for health professionals to monitor patients during and after transfusion.
It is essential to establish a system for monitoring, recording and reporting adverse reactions caused by blood transfusion in each hospital, thereby contributing to the National Hemovigilance System in Japan. All medical institutions report adverse events following transfusion to the Japanese Red Cross Society if they recognize that the event is due to the transfusion itself. However, there are some problems associated with this self-reporting system; e.g. mild adverse events may not be reported. 4 We constructed a system to monitor all patients who received transfusion and collected data regarding post-transfusion adverse reactions and event occurrence times. 5 The aim of this study was to clarify the frequency of ATRs and the time to event occurrence.
MATERIALS AND METHODS
All patients who received transfusion at our facility within a 3-year period from January 2014 to December 2016 were included in this retrospective study. A transfusion was defined as an episode of transfusion of any blood component, regardless of dose or volume transfused. All blood components, i.e., leukocyte-reduced red blood cell (RBC-LR), fresh frozen plasma (FFP-LR), and platelet concentrate (PC-LR), were provided by the Japanese Red Cross Blood Center. The following data were collected for all study subjects: age, gender, clinical department, signs and symptoms of adverse reactions, and event occurrence time.
The transfusion-related signs and symptoms reported were based on the Japanese Society of Transfusion Medicine and Cell Therapy definition of hemovigilance. Respiratory distress, hypotension, disturbance of consciousness and hemoglobinuria were defined as severe signs and symptoms. This study was approved by the Ethics Committee at Tottori University Faculty of Medicine (approval number: 1706A060).
Statistical analysis
Comparisons among qualitative variables (categorical data) were performed using Pearson's chi-square test. A p value of less than 0.05 was considered significant. Time to event occurrence was analyzed with the Kruskal-Wallis test and Mann-Whitney U test. All statistical analyses were performed using SPSS version 16.0 (IBM, Armonk, NY).
RESULTS

Frequency of ATRs
Between January 2014 and December 2016, a total of 18,745 transfusions were administered to 11,718 patients. Blood components administered were 3,728 PC-LRs, 10,246 RBC-LRs and 4,478 FFP-LRs. No differences in age and gender were found between patients for whom ATRs were reported and those for whom ATRs were not reported. ATRs having at least one sign or symptom were 143 of 2,478 (5.7%) PC-LR transfusions, 105 of 6,629 (1.6%) RBC-LR transfusions, and 51 of 2,307 (2.2%) FFP-LR transfusions. The frequency of ATRs in PC-LR transfusions were significantly higher than those in RBC-LR and FFP-LR transfusions (chi-squared test, P < 0.05).
Frequency of signs and symptoms reported
The frequency of signs and symptoms are shown in Table 1. Allergic signs and symptoms including urticaria, pruritus and skin rash accounted for 70% of all signs and symptoms. PC-LR and FFP-LR showed high frequencies of 80.7% and 83.1%, respectively, while RBC-LR showed only 37.1%. On the contrary, fever, tachycardia and hypertension were more frequent with RBC-LR than PC-LR and FFP-LR. Severe signs and symptoms (respiratory distress, hypotension, disturbance of consciousness and hemoglobinuria) comprised 7.1% of all signs and symptoms.
Time to event occurrence
We evaluated the time from initiation of transfusion to the occurrence of signs and symptoms (Fig. 1 ). There was no significant difference among blood components (100 min vs 100 min vs 102.5 min, P = 0.19, Kruskal-Wallis test). Severe signs and symptoms appeared significantly earlier than non-severe ones (20 min vs 100 min, P < 0.01, Mann-Whitney U test).
DISCUSSION
Blood transfusion therapy is an effective and indispensable treatment, but adverse events such as infectious diseases and immune reactions cannot be completely avoided. The risk factors of severe transfusion-related diseases including TRALI and anaphylactic shock depend on patient's disease, number of transfusions, and history of adverse events. [6] [7] [8] [9] Thus, it is necessary to list the patients who have ever had signs and symptoms after transfusion. We constructed a system of transfusion-associated signs and symptoms to be reported for all transfused patients, which made it possible to accurately assess the frequency of adverse reactions. 5 The frequency of adverse events with all blood products in the current study was higher than those in other facilities. 1-3, 10-12 This is because even minor symptoms are fully reported in our facility and there are many patients who had adverse events repetitively, especially in the departments of hematology and pediatrics, in which blood transfusions were repeated in patients, exposing them to the plasma components of multiple donors. 6, 7 In addition, prophylactic administration was infrequent and the use of washed blood components was rare. There are some reports that prophylactic administration and use of washed blood components are effective for prevention of allergic transfusion reactions. 13, 14 Because history of adverse events is one of the risk factors for severe transfusion-related disease for patients who had recurrent adverse events, even with mild symptoms, these treatments should be enforced to prevent severe transfusion-related diseases.
There was no significant difference in event occurrence times among blood components, but severe signs and symptoms appeared significantly earlier than non-severe ones. However, fatal transfusion-related events were not reported. There were cases in which adverse reactions occurred after 10 hours or more; it is therefore necessary to be vigilant during and after transfusion. These data may be useful to determine the observation time after blood transfusion at the outpatient clinic or at home. The 95th percentile of severe signs and symptoms occurrence time was 130 min, suggesting that we should observe patients for at least 2 hours after starting blood transfusion.
In conclusion, a high frequency of transfusion-related signs and symptoms was found through the report system. For patients who have transfusion-associated adverse events repetitively, the use of prophylactic medications or washed blood components and preventive treatments for adverse events should be proactively promoted. 
